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This i s  t h e  f i n a l  r epor t  on t h e  research  g ran t  NsG-302-63 

This  research r e s u l t e d  i n  a doc to ra l  
e n t i t l e d  "Theore t ica l  Research Inves t iga t ions  i n  Plasrna Physics 
and :;laFnetogasdvnmics.T1 
t h e s i s  (qi ch) and two published papers.  The r e s u l t s  a r e  sari- 
x s r i z e d  ak-fol ows: 

3 a d i a t i v e  Shock Wave S t ruc tu re  (P .  Koch) 

-1 study is  made of plane gas dynamical and t r a n s v e r s e  
nagnetogasdynaTic shock waves i n  f u l l y  ion ized  hydrogen, a t  
condi t ions  such t h a t  r a d i a t i v e  processes  a r e  s i g n i f i c a n t -  
An e s t a b l i s h e d  s teady  s t a t e  flow i s  found t o  e x i s t  f o r  t h e s e  
waves only i n  a s t rophys ica l  ca ses ,  s ince  t h e  wave th i cknesses  
ir, such a flow a r e  q u i t e  l a r c e .  
t a S l i s h e d  flow t h e  Rankine-F:ugoniot junp equat ion ( i - e . ,  t h e  
r e l a t i o n s h i p  between t h e  f l o w  v a r i a b l e s  i n  t h e  i n i t i a l  and 
f i n a l  s t a t e s )  i s  analyzed and then  solved nurier ical ly .  
shown t h a t  of t h e  twelve r o o t s  of tnis equat ion only two a r e  
phys i ca l ,  corresponding t o  t h e  supersonic i n i t i a l  and sub- 
sonic  f i n a l  s t a t e s .  

The d i f f e r e n t i a l  equations which desc r ibe  t h e  above shock 
waves a r e  analyzed. The r e s u l t  i s  a s e t  of f o u r  simultaneous 
non l inea r  ord inary  f i rs t  order  d i f f e r e n t i a l  equat ions ,  t h e  
s o l u t i o n  of which g i v e s  t h e  s t r u c t u r e  of t h e  shock, i - e . ,  t h e  
dependence of t k e  f l o w  va r i ab le s  on p o s i t i o n  wi th in  t h e  shock 
wave. The s t r u c t u r e  equat ions a r e  solved nui ie r ica i ly  f o r  
cases  where t h e  shock i s  o p t i c a l l y  t h i c k ,  i . e . ,  t h e  nean f r e e  
pa th  for absorpt ion or" r a d i a t i o n  i s  nuch s n a l l e r  than  t h e  
c h a r a c t e r i s t i c  l e n g t h s  for change ol" t h e  r"1oi.r v a r i a b l e s .  T h i s  ' 
i s  c a l l e d  t h e  Eddington o r  d i f fus ive  spproxinaLion. 
c r i t e r i o n  i s  given f o r  t h e  v a l i d i t y  of t h i s  approximation i n  
tem.s of t h e  shock i t s e l f ,  independent of t h e  p r o p e r t i e s  of 

, t h e  atmosphere. Runerical  r e s u l t s  of r a d i a t i v e  shock s t r u c -  
t u r e  i n  t h i s  approximation a re  given. 

I n  t h e  case or" such an es-  

It i s  

-4 new 

, 



??AS A -2- 
c q  16 June 1964 

This work i s  published as D r .  Koch's d o c t o r a l  t h e s i s ,  
Dept. of Physics,  Columbia Universi ty ,  June 1964, and as 
Columbia Plasma Laboratory Report #lo, June 1964. These 
research  r e s u l t s  w i l l  be submitted t o  t h e  Physics of F l u i d s  
Journa l .  

Geomapnetic Micropulsations ( A .  Sen) 

A thorough a n a l y t i c a l  s tudy  of t h e  t ransmiss ion  of very  
low frequency waves from t h e  exosphere down t o  t h e  su r face  
of t h e  e a r t h  has  been nea r ly  completed. It i s  seen t h a t  f o r  
t h e s e  waves t h e  path between exosphere (.J64,000 km) and an 
a l t i t u d e  of approximately 250 t o  500 km behaves as a h ighly  
inhomoreneous, almost l o s s l e s s  hydromagnetic medium. Between 
an  a l t i t u d e  of 250 t o  500 km and $0 km, t h e  c h a r a c t e r  of t h e  
waves r a d i c a l l y  change due t o  h igh ly  increased  c o l l i s i o n  of 
i o n s  w i t h  n e u t r a l s .  Below an a l t i t u d e  of 80 krn t h e  wmes are 
transformed i n t o  electromagnet ic  waves, which t r a v e l  down t o  
t h e  surface of t h e  e a r t h .  
rredium can be considered t o  c o n s i s t  of s e v e r a l  s e c t i o n s ,  
each with an exponent ia l  v a r i a t i o n  of wave impedance. Exact 
a n a l y t i c a l  s o l u t i o n  of t h e  t ransmiss ion  through a medium w i t h  
an exponent ia l  v a r i a t i o n  has been obtained. The path between 
250 t o  500 lun and 80 km has been modelled by a homogeneous 
d i s s i p a t i v e  l a y e r  and a l a y e r  of vacuum. 
t i o n s  a t  each i n t e r f a c e  between s e c t i o n s  o r  l a y e r s ,  t h e  
t o t a l  t ransmiss ion  c o e f f i c i e n t  i s  obtained as a func t ion  of 
frequency. The outs tanding f e a t u r e  of t h e  r e s u l t s  i s  t h a t  
t h e  t ransmiss ion  path i s  a ve ry  e f f e c t i v e  f i l t e r ,  no t  only 
i n  t h e  sense of a medium providing d i s s i p a t i v e  a t t e n u a t i o n ,  
bu t  a l s o  i n  t h e  sense of band pass  r e a c t i v e  s t r u c t u r e .  Hence, 
t h e  r ecep t ion  of micropulsat ions on t h e  su r face  of t h e  e a r t h  
is '  s t r o n g l y  dependent on t h e  s ta te  of t h e  t ransmiss ion  medium. 
The l a t t e r  is  a f f e c t e d  by s o l a r  wind condi t ions.  
c a l c u l a t i o n s  based on t y p i c a l  condi t ions  a r e  now being done. 
A paper on t h i s  work w i l l  be w r i t t e n  up i n  t h e  immediate 

The inhomoreneous hydromagnetic 

Matching t h e  solu- 

filunerical 

- f u t u r e .  

Plasma S t a b i l i t y  ( A .  Sen) 

The e f f e c t  of compress ib i l i ty  on Kelvin-Helmholtz in -  
s t a b i l i t y  i n  a plasma has  been s t u d i e d  under p a r t i a l  support  
of t h i s  con t r ac t .  
s t a b i l i t y  i s  brought i n t o  focus by consider ing two l i m i t i n  
cases :  a very  stiff plasma (of  very small compress ib i l i t y  
and a very lm'py one (o f  very l a r g e  compress ib i l i t y ) .  It i s  
found t h a t  un l ike  su r face  t ens ion ,  g r a v i t y  and magnetic f i e l d ,  
compress ib i l i t y  can have e i t h e r  s t a b i l i z i n g  o r  d e s t a b i l i z i n g  
e f f e c t ,  depending on t h e  s t a t i o n a r y  s ta te  of motion. I n  
gene ra l ,  t h i s  may l e a d  t o  two domains of s t a b i l i t y ,  i n  con- 
t r a s t  t o  only one t h a t  may e x i s t  i n  t h e  case of incompressible  
plasma. A paper e n t i t l e d  "The Effect of Compress ib i l i ty  on 

The e f f e c t  of c o a p r e s s i b i l i t y  on t h e  
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Kelvic-Pelnholtz I n s t a S i l i t  i n  a Plasna" by Aniya K. Sen 
>as been accepted f o r m i c a  +--- i on  i n i  Physics of F l u i d s  
Journa l .  

S ince re ly  yours ,  

Robert A.  Gross 
Professor  of 
Engineering Science 


